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SUMMARY

The type of valve described in this note has been designed to use
the pressure in the feed system between the valve and the injector as
the controlling medium. This allows automatic control of the valve
and safe starting and operation of the rocket motor to be obtained with
greater simplicity than in other types of valve hitherto known which
arc intended to fulfil thc same purpose; the new valves also permit
the use of a timing scquence for propellant control to be dispensed
with.

The principle of operation and the types alrcady developed are
described in full, with suggestions for further applications. The
method used for calculating the valve dimensions is given in an
dix.
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1 Introduction

Experience has shown that rocket motors of over 2,000 to 3,000 1b
thrust can be started more safely by using a reduced rate of flow for
the initial injection of the propellants, and propellant feed valves
have been designed which allow the pressure of fuel and oxidant at the
injector to develop gradually. When, however, the valves start to open
the passages between the valves and the injector have to be filled
before injection into the combustion chamber takes place. At the
instant injection starts the pressure in the system downstream from the
valve is only the differential pressure caused by flow through the
injector nozzles, but after ignition the pressure dovmetream from the
valve is immeédiatcly incrcased to this pressure plus the pressurc in
the combustion chamber. It is cssential that at this instant the moving
part of the valve has rcached a position in which the starting flow
rate is delivered; the valve has then to move to the completely open
position to deliver the full flow of propellant. It is difficult to
make the valve move through the succossive stages of opening described
above by causing it to follow a prescribed timing sequence and attempts
were made to overcome this difficulty by using a different type of
valve and employing the pressurc dovmstream from the feed valve as the
controlling medium. '

The type of valve! described in this notc was designed, therefore,
to usc the pressure in the feed system between the valve and the injec-
tor as the opening impulsc. For the simplest form of valve, this
postulates that propellant is delivered at a relatively low rate until
the passages between the valve and the injector have been filled, injec-
tion has token place, ignition occurred and conbustion been established,
so that the sudden rise of pressure in the system downstream from the
valve due to combustion causes the valve to open ond deliver the full
flow. This is a safe method of starting a rocket motor, as the initial
ratc of flow can be restricted to the minimum required for satisfactory
initial combustion, and the full flow cannot be delivered until combus-

tion is established.

2 Principle of operation

The main featurc of this typc of valve is thc provision of a piston
opposite to and connected with the valve head. The area of this piston
is proportioned to almost compcnsate the closing force produced by the
upstream pressure and thus cnables the valve to be opened by the much
lower pressure which acts on the entire downstrcam surface of the valve
head. PFig.1(a) and 2(a) show diagrammatically how the closing force,
produced by a relatively high pressurc acting on the small uncompensated
annular area plus 2 spring load, is balanced by 2 much lower pressure
acting on the entire circular surface of the valve head. Fig.1 shows a
starting valve in which the dovmstrcam pressure is predetermined by
the flow through the annular pre-opening orifice and Fig.2 shows a
second stage slow opening valve in which the downstream pressure is the
chanber pressurc developed by combustion of the initial starting flow
of propellant acting pack through the injector orifices., The calcula-
tions nocessary for the design of these and similar volves are given in
the appendix.

3 Applications and methods of operation

3,1 Rapid opening regulating valve for starting

Fig.1(b) shows a section through this valve, which 1s designed to
feed through o pre-opening orifice of fixed sizc the initial flow of
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propellant for starting the motor. A burster disec upstream from the
valve isolates the valve from the propellant tank until the latter is

pressurized.
The sequence of operations is as follows:-

(1) The propellant tank is pressurized and causes the disc to
burst.

(2) The passages between the valve and the injector are filled
through the pre-opening orifice.

(3) The pressure rises in these passages, in accordance with the
size of the pre-opening orifice, and propellant is injected into
the combustion chamber at the initial starting rate.

(4) Ignition takes place in the combustion chamber in which the
pressure rises in accordance with the rate of flow of propellants.
This causes a further rise in pressure in thec passages betwecen the
valve and the injector.

(5) The valve opens completely,

The valve can be arranged so that it opens at the c¢cnd of stage 3,
i.e. immediately thc¢ downstream pressure has been developed but it is
usually more advisablc and always safer to arrange for the valve to
open at the end of stage 4, i.c. after ignition when the higher pressurc
has been dcveloped in the passage between the valve and injector.

During the intecrval between the bursting of the disc and the move-
ment of thc valve to its fully open position a leakage path exists bet-
ween the compensating piston and the cylindrical sleeve in which it
moves. The leakage however, is very small as this time interval is of
the order of onc sceond only; it is, therefore, considercd prefcrable
to lead away thc leaking fuel through thc drain rather than attempt to
reduce the leakage by moking the compensating piston a close fit in the
sleeve, with conscquent increasc of cost as well as risk of sticking.
As can be seen, the piston when in the fully open position is held by
the full feed pressurc against a soft washer which gives a complete

seal,

A valve of this typc has undergone successful tests in which more
than a hundred opening opcrations werc carried out at different feed
pressures, Opening always occurred instantaneously as soon as the
pre-determined pressurc downstrcam from the valve was reached, The seal
in the fully open position was completely effective, ;

This valve and its associatcd burster disc has been designed for
starting purposes only and it will be noticed that once the disc has
burst the flow of propellant can no longer be shut off completely. It
is, however, possible to reduce the flow again to the starting rate by
connecting an impulse line from the upstream side of the valve through
a solenoid vent valve to the drain connexion. In the full flow condition
the solenoid valve is arranged to keep the impulse line closed and the
drain open to atmosphcre. When the solenoid is energized the pressure
upstream from the valvc is applied through the drain connexion to the
lower face of the compensating piston. As the pressurcs on both sides
of this piston are now cqual the spring is able to rcturn the valve head
to its original position in which only the reduced flow tokes place.

iy
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Such an arrangement also provides a means of selecting the instant
when the valve opens. This is effected by applying upstream pressure
through the energized solenoid valve and impulse line to the drain
connexion whereby the valve camot open until the solenoid is de-energized
and the' drain vented. In no case, however, can the valve open until the
correct downstream pressurec has been developed. It will be seen that with
such an arrangement, a rocket motor could be run at two thrust stages,
with reduced and full flow respectively, and with the possibility of
selecting either at will.

3.2 Regulating valve for second stage

The valve shown in section in Fig.2(b) is designed to act as the
second stage regulating valve for a rocket motor in which the first stage
works at the full feed pressure and the propellant for operation of the
second stage is fed through a separate injector system. The valve is
arranged to seat completely in the closed position; as pressure due to
combustion at the first stage develops in the passage between the combus-
tion chamber and the valve, a force is built up to open the valve, The
compensating piston is enclosed in a cylinder which is connected with
the upstream side of the valve through a throttle orifice in order to
reduce the rate of opening to the required value. The valve head carries
a pintle of decrcasing diameter which causes the areca available for flow
to increase steadily during the opening process. The scquencc of opera-
tions is as follows:-

(1) When the propellant fced system is pressurized, pressure is
applied to the valve head and through the throttle orificc to the
compensating piston. The valve remains in the closed position
until combustion has started and the combustion chamber pressure
acts on the back of the valvec head. The opening force is now large
enough to overcome the closing force (see Appendix) and the valve
starts to open.

(2) Until the valve is fully open, the upstream pressure is always
higher than the downstream pressurc and the valve head continues
to be forced against the seat. Opening of the valve is effected

by the opposing force of the upstream pressurc acting on the compen-
sating piston, and to maintain this force the liquid can only pass
through the throttle hole at a low rate of flow which ensures that
the valve opens slowly. The effect of the spring is to close the
valve but only if the upstream pressure falls to a sufficiently low

value,

(3) If the valve is to bc shut at will, an impulse linec controlled
by a solenoid valve as described in para. 3.1 has to be fitted.
This permits the valve to be closed at any time, but it can only
be re-opened if the motor is running at the first stage so that
-pressure is available downstream from the valve,

(4) Usually the valve has to close as rapidly as possible. As the
pressure above and below the compensating piston are equal, the
spring load is the only force available to initiate the closing
movement and the liquid above the piston must be allowed to escape
from the cylinder as quickly as possible. This is effected by pro-
viding a flap washer which is clamped to the upper cover of the
cylinder and which 1liffs in the centre to allow liquid to pass without
. much resistance through a wide clearance between the valve connecting
pin and the central hole in the cover of the cylinder; holes in the

b
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washer allow the liquid to escape. As soon, however, as the valve
pintle is moved sufficiently to decrease the area available for
flow throttling will take place, and the increasing dif'ference
between upstream and downstream pressures will increase the clos-
ing force at an increasing rate,

A valve similar to that shown in Fig.2(b) but designed for rapid
opening has been tested and found to operate satisfactorily, It is now
in use in a rocket motor in which it opens automatically a by-pass line
to the second stage injector as soon as the combustion chamber pressure
produced by the first stage propellant flow has been reached. Recordings
have shown that the by-pass is fully effective at full flow 0.2 seconds
after ignition following the first stage of injcction.

3,3 Coupled regulating valves

Propellant regulating valves in rocket motors have not only to
control the development of pressure at the injector, but also to ensure
that the arrival of both propellants at the injector is -either simul-
taneous or that a predetermined time interval, depending on the propel-
lant combination, separates the arrival of one propellant from the other,
Tn any case the pressure rise to full flow for both propellants should
be simultaneous in order to ensure the correct mixture ratio at any
instant. The requircd time of arrival of the propellants at the injector
can be fixed by designing the respective burster discs to rupture at
appropriate pressurce and/or providing spaces of diffcrent volume down-
stream from the respective burster discs.

If the fuel and oxidant valves operate independently of each other
it may be assumed that both will start to open at the same instant pro-
vided that they are set to open after ignition has taken place; this
depends on the opening impulse rcaching both valves simultaneously. If,
on the other hand, the valves are set to be opened by the pressure rise
caused by filling of the passages between the valves and the injector,
they will open when the propellants arrive at the injector and there may
be a period of timc between the opening of one valve and that of the
other depending on the propellant combination. If slow opening valves
are used one may have a longer opening time than the other; this will
result in an incorrect propellant mixture ratio during the opening pro-
cess. It is, thercfore, preferable to have the fuel valve mechanically
linked to thc oxidant valve. This is not a new idea, and it has been
applied in rocket motors with good results. It has the effect of making
the operation of the motor safer as neither valve can open if' the other
one sticks,

Fig.3 shows on arrangement of coupled fuel and oxidant starting
valves, which operate as described in para. 3.1. Provision for slowing
down the rate of opening need be made on one valve only, preferably on
the larger one. It is, of course, essential that cnough play be given
to the pin joining the two valves to allow both pistons to seat properly
on their respective washers in the fully open position,

A similar arrangement could be used for valves controlling the
second or later stages of combustion, but the only reason for its use would
be to prevent one valve operating if the other stuck. These valves would
normally start to open simultaneously without being linked together because
the combustion chamber pressure acts on both at the same moment, If the
two valves are arranged to open slowly the effect of the difference in the
opening times can be negleccted because a slightly incorrect propellant
mixture for a period of less than one second will not have serious

wln
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consequences when stable first stage combustion has already been established.

4 Testing valves

It can be seen, as shown in the Appendix, that the pressure downstream
from a valve needed to open it is a function of the pressure upstream from
it., An initial test of a valve can be carried out at various propellant
feed pressures. .When, however, a complete motor is to be water-tested,
propellant feed and combustion chamber pressures should be used which are
similar to those obtained when the motor is fired so that the correct
operating conditions flor the valves are reproduced. To raise the combus-
tion chamber pressure to the correct value during the water test, it is
suggested that the modified form of throat blanking device shown in Fig.4
be used, The closing plate of the device incorporates a variable orifice,
the area of which is controlled by a spring loaded piston. The proportions
and size of the orificec can be calculated in accordance with the following
procedure, First the combustion chamber pressures that would be obtained
at different propellant flow rates when the motor is working must be estima-
ted, and the respective flow rates corrected to allow for the fact that
water is passing through the supply and injection system instead of propel-
lant. At these chanber pressures the corresponding positions of the variable
orifice velve piston can be determined, as the diametcr of the piston and
the rate of the controlling spring are both known, The area of the orifice
at each pressurc has then to be sclected so that the pressure drop obtained
is equel to the stipulated combustion chamber pressure for the corrected
rate of flow of water out of the combustion chamber and through the valve.
Finally the proportions of the orifice can be established.

This method of testing allows the operating conditions of the motor to
be reproduced during the water test apart from the initial delay caused by
the time taken to fill the combustion chamber volume with water., It is
suggested that the procedure can be usefully applied to all water tests of
this nature,

5 Application of the principle to other types of valve

The principle of operating a valve by the pressure dovmstream from it
can be applied to liquid or air operated valves of normal type. Such a
valve is shown in Fig.5. It will be seen that this valve has two concentric
valve heads which are lifted by impulse pressure applied to a piston. The
valve is kept closed by the spring load and the propellant supply pressure.
The area of the operating piston is such that the impulse pressure applied
to it is sufficient to lif't only the smaller valve head, The area then
opened to flow is sufficient to pass only the propellant flow required at
starting. After, however, the pressure downstream from the valve reaches a
predetermined value (see para, 3.1) the force acting below the external
annular valve head added to that acting on the operating piston is sufficient
to overcome the propellont supply pressure and hence the annular head lifts
allowing the full propellant flow to pass. The valve can be closed at will
by the removal of the operating pressure,

Valves incorporating o pilot valve, as used in the V,2 missile, can be
made to work on thc same principle., Fig.6 shows a valve of this type.
Beforc the adoption of the new principle, the holes, shown in Fig,6, in the
sleeve of the main valve were not provided. In this case when the propellant
system is pressurized the pressure is allowed to develop above both valves
through the passage formed by the smll clearance between the sleeves of the
cover and the main yvalve. When an 1mpulse is applied to the operating pis-
ton the pilot valve is lifted and the pressure in the confined space is
completely released; the pilot valve moves on to the spring ring and lifts

—71-
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the main valve.

To make this valve work on the new principle, an orifice has to be
provided on the main valve sleeve, preferably by means of oppositely
situated holes, as shown in Fig.6, to avoid lateral forces on the sleeve.
As before, when a pressure impulse is applied to the operating piston
the pilot valve is lif'ted, until it reaches the spring ring in the main
valve and the initial starting flow is fed to the injector. The orif'ices
through the sleeve of the main valve and the area of the pilot valve
opening, however, arc 8o proportioned as to maintain above the main valve
a. pressure which is high enough to prevent the valve from being lifted
(sce para. 3 of the Appendix) until the downstream pressurc has rcached
a predetermined value vhich added to the pressure acting on the operat-
ing piston is sufficient to 1ift the main valve and allow the full propel-
lant flow to pass. The valvc can be closed at will by the removal of the
operating pressure.

6 Conclusions

When a liquid is fed under pressure into an empty container or pipe
system with a restricted outlet arca a pressure is developed in the system
at the instant when it is filled and ejection at the outlet starts. If
this pressure is used to operate a valve which is to control the pressure
in the system the follcwing advantages are goined:-

(1) The initial pressure rise in the system and the initial rate
of flow through it can be predetermined exactly.

(2) Further opening of the valve con take placo only after this
initial pressure has been reached.

(3) The operation of the valve is independent of the time necded
to £ill the system.

(4) The valve design is much simpler than that of other known
valves scrving similar purposes. Since the impulse opening the
valve from partial to full flow acts within the valve directly on
to the valve head, no special impulse line is needed for this
purpose. The internal sealing components nceded on the valve pin
of 2 normal piston operated valve aré unnecessary, and friction
and the possibility of the valve sticking are much reduced. The
size of the valve can be made smaller than that of a normal piston
operated velve for the same flow.
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APPENDIX

Calculation of Valve Dimensions

1 Regulating valve for starting

This type of valve is shown in Fig.1. Assuming the full propellant
flow is known, the main diameter of the valve is determined in the usual
way. Likewise if the initial propellant flow for starting has been
selected, the pressure drop through the injector at starting, A;pi, can
be calculated. The pressurc developed downstream of the valve which is
to be used for opening it can now be determined.

If the valve is required to open after the passages between injector
and valve have been filled, th¢ dovmstream pressure is

Py = &pi 1b/sq in

If, however, ignition is to precede the valve opening to main flow
the dovmstream pressure becomes

Py = api + Pg 1b/sq in

where p, is the combustion chamber pressure at the initial rate of
flow of propellant.

The area A of the initially open orifice is calculated to deliver
the initial rate of flow of propellant under a pressure drop of upstream
pressure minus down stream pressure; that is

1
A=w (2g (Pu - Pd)EJ)z Cq 8a Tt

where
w = initial rate of flow of propellant 1b/sec
g = acceleration due to gravity ft/sec
P, = pressure upstream of valve 1b/sq ft
Py = pressure downstream of valve 1b/sq £t
p = density of propellant 1b/cu £t

Cq = coefficient of discharge of pre-opening orifice.
In cases where the discharge coefficient of the initially opeh

orifice G can be expected to be the same as that of the injector, the
following simpler expression can bec used, viz:

Ay (Api/(Pu - P3) >%sq £t

1

A

where
total area of the injector orifice, sq f't

py = pressure upstream from valve, lb/sq in.

The diameter of the valve head, dv can then be determined. The
diameter of the compensating piston, dp can be calculated from the

following considerations:-

. .

SECRET



SECRET
Technical Note No. R.P.D.53

The wvalve head is in balance when

2 2 2
%,d_v.pa=£-(dv-dp)pu+}3‘s
where

Fq = spring load when the valve is closed, 1b

To ensure opening, however, the friction load of the valve, £ 1b has also
to be overcome. As the dimensions of the spring are to be made large
enough to overcome the friction, we have

f<F
8

and the equation for opening can be written with sufficient accuracy as

c .2 2 2
T d, .« Py =.§ o (6, = dy, ) Py + Ty

- which gives the diameter of the compensating piston

/ 2
d‘pz(i\%d\r (Pu"Pd)"'st)&""l‘

-1

Bt
in

™ Ba !

Finally, for any upstream pressure the¢ corresponding dovmstream pressure

at which the valve opens is

rd. = 4 8F

D o= P [ P V. Ibfag dn
d u _ D a2
e v

2 Regulating valve

The calculations for this type of valve shown in Fig.2 are identical
with those given in para. 1 above for the valve shown in Fig. 1. In this
case, however, the opening force is the combustion chamber pressure pro-
duced by combustion of the initial flow of propellant through the separate
first stage supply and injection,

3 Valve operated by impulse and downstream pressure

3,1 Type without pilot valve

This is the type of valve showm in Fig, 5. The calculations required
are the same as those given in para, 1 of this appendix; in them the
operating piston can be dealt with in exactly the same way as the compensa-
ting piston of a starting valve, provided that the impulse pressure and
the upstream pressure are the same. Otherwisc the equation for opening
becomes

{-d\,zpd=%(ivzpu"dozpo) + g
where
P, = operating pressure 1b/sq in
d0'= diameter of operating piston, in

and the diameter of the opera%ing piston is then

=-10-
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= 'fn < - 14- 1 i
dO [I\—l:a dV (pu Pd)'*'ZEaB)E.-I-;; _‘ in

3,2 Type with pilot valve

For this valve, shown in Fig.6, the pressure downstream has to be
calculated as described in para. 1 of this appendix. The pressure, B
1b/sq in. in the confined space above the main valve can then be selected,
preferably equal to the mean value between p, and py. The orifices in
the sleeve of the main valve can then be estimated so0 as to deliver the
initial rate of flow of propellant at a pressure drop across them of
Py = Py 1b/sq in. The area of the pilot valve opening will be the same
as that of the orifices in the sleeve of the main valve if

Pu"Pg = Py~ P4

Provided that the diameter of the valve seat is the same as the
diameter of the sleeve of the main valve so that Py has no effect on
the opening of the main valve, the equation for opening becomes

2 2 2
la~v- cpd':_?_t_.d‘\! va".L Z‘S
=

and the diameter of ths operating piston is then

2
a_ =K.E - a (pv-pd) + 21'03)

in

A

Po

AlF

*
|
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